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Introduction
The definition of peripheral arterial disease (PAD) broadens towards a diverse group of disorders that lead to narrowing of supra-aortic trunks, aorta, upper and lower extremities arteries, and visceral arteries. PAD is a highly prevalent public health problem and is related to atherosclerosis. PAD has been classified as a coronary artery disease equivalent, meaning that patients with a diagnosis of PAD carry a risk for major coronary events equal to established coronary artery disease. 1 Given the high prevalence of coronary disease, research has focused for a long time on coronary arteries and little is known about the specificities of PAD.
Currently, more and more studies show different results after endovascular treatment of PAD according to the arterial bed. For instance, in-stent restenosis rates differ according to the arterial bed. In-stent restenosis following carotid stenting is reported to occur in less than 10% of cases 2 , whereas it occurs in up to 40% of superficial femoral artery cases. 3 In-stent restenosis following coronary stenting is reported to be in the range of 10% to 15%. 4 However, stenting of lower extremities arteries is not as effective as stenting of coronary arteries since high rates of restenosis are observed in the range of 30% to 50%. 5 Moreover, the efficacy of drug eluting stents (DES) differs according to the arterial bed. In 2001, Morice et al. reported 0% of coronay instent restenosis at 9 months. 6 For peripheral arteries, DES have not shown to decrease in-stent retenosis in comparison to bare metal stents.
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Even if numerous factors such as the haemodynamic factors, the length of the lesion, the run-off could alter the restenosis rate, some studies have shown that the nature of the atheromatous plaque could be also a crucial factor of in-stent restenosis.
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Materials and methods

Patients
Tissue sampling
Endarteriectomies were performed on a consecutive series of patients using conventional surgical techniques. The plaque was removed at the bifurcation from within the lumen as a single specimen. All plaques were divided into 4 equal parallel sections. One part was processed for histological analysis, one section for scanning electron microscopy, and the last sections for lipid and calcium quantitative measurements.
Histology processing
Atherosclerotic plaques were immediately fixed in 10% formalin overnight and decalcified in Sakura TDE 30 fluid during 24 hours. They were embedded in paraffin. 
Histological grade of the atherosclerotic plaque
The sections were graded according to a slightly modified AHA classification. 15 Modified AHA classificiation is based on the 9 categories, of which 6 correspond to atheromatous plaques, type IX specimen (occlusion) were excluded from the study. control was analyzed using a similar procedure excluding the primary antibody.
Quantitative measurements of calcium and lipids within the plaque
Exact amounts of tissue samples, 30 to 50 mg each, were carefully weighted, 5-α cholestane added for internal marker, homogenized with chloroform/methanol (2:1), and the homogenate was extracted two times with the mixture. The extract was evaporated and was saponified 1h at 70°C. Sterols were extracted with cyclohexane.
After evaporation, sterol fractions were silylated. Cholesterol was quantitated with gas chromatography-mass spectrometry (GC-MS). The values are given as mg/g of tissue. For analysis of calcium, 50 samples were first dehydrated. After carbonization (550°C, 12 hours) ashes were dissolved in 1 ml of nitric acid and then 24 ml of 1% lanthanum oxide (LaCl3). Calcium absorbance was then determined by atomic absorption spectroscopy at 422.7 nm using a calcium lamp (Unicam Solaar 989 Atomic Absorption Spectrometer, Cambridge, UK) and compared to a standard curve constructed using known dilutions of a solution of 1000 µg/ml Ca in 1% LaCl3.
Quantitative measurements were expressed in milligrams for gram of dried tissue.
For some samples the length of the arterial segment available was not sufficient to perform all analyses, such specimens did not represent specific subgroup analysis.
Scanning electron microscopy (SEM)
GMA-embedded plaques (10 carotid and 8 femoral specimens) were polished with graded silicon carbide grinding paper (Struers Denmark) and then gold-palladium- Germany). Phospho-calcic ratios were determined by energy dispersive system X ray analysis (Inca Oxford instrument, UK).
Statistical analysis
Statistical analysis was performed using SPSS 10.0 software. Comparison of the data was assessed by either the Chi Square test or the two-sample Student's t-test.
For phospho-calcic ratio analysis, non-parametric the Mann and Whitney test was used. P< 0.05 was considered significant. 
AHA specimen classification
The histological analysis according to AHA modified classification for human femoral and carotid plaques is shown in Figure 1 . Seventy five percent of carotid plaques were classified as fibrous cap atheroma (types IV and V) versus 7% of the femoral plaques (p<0.001). On the other hand, 93% of femoral plaques were classified as fibrocalcific plaques (types VII and VIII) versus 25% of carotid plaques (p<0.001). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 0.34), p=0.11. These results are consistent with the presence of hydroxyapatite cristal.
CD31 and smooth muscle-actin immunostaining were not different between atherosclerotic plaques from patients undergoing carotid or femoral endarteriectomy.
Carotid plaques display more lipid and inflammation patterns than femoral plaques
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Discussion
In this study we have observed that, in comparable groups of patients, femoral and carotid plaques showed different morphology. Indeed, carotid arteries displayed more lipid and inflammatory content than femoral arteries while femoral arteries were more prone to calcify and to develop osteoïd metaplasia.
Site specificity for atherosclerosis is largely described. Numerous factors could influence regionally distinct atherosclerotic lesion development and therefore morphology of atheromatous plaques. Site-selectivity of atherosclerotic lesions includes differences in hemodynamics, the underlying wall structure, cardio-vascular risk factors and cellular or biochemical parameters of the arterial wall. Site-specific arterial wall structure could have a potential influence. However, carotid and femoral artery bifurcations are both considered as a transitional zone between elastic and muscular artery types without striking arterial geometry differences. 17 Regarding blood flow patterns, this varies in different regions in quantitative detail and these variations could have a complex effect on the development of atherosclerosis. For example, peak/mean wall shear rates are higher in carotid arteries than in femoral artery. 18 Blood flow variations may influence the relative residence time of lipoproteins, blood borne molecules and inflammatory cells that come in contact with the endothelial cells in each of these regions. 19 On the other hand, the hemodynamic patterns may prime the gene expression profile of endothelial cells in subtle different ways so that these cells react differently to cardiovascular risk factors. 20 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 14 limb atherosclerosis according to the cardiovascular risk factor profile of patients with peripheral arterial occlusive disease. 21 Risk factor profiles for each vascular territory are different insofar as there is some evidence of a stronger association between large vessel disease and smoking and dyslipidemia, whereas diabetes appears more specific for small vessel disease. In their study, patterns of plaques were not 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   15 In the present study, the calcium content was higher in femoral plaques than in carotid plaques although the phospho-calcic atomic ratio was similar between both types of plaques. There is no evidence for higher prevalence of Monckeberg's disease in femoral versus carotid specimens in our study. Nevertheless, Mönckeberg's sclerosis is common in peripheral artery it could be difficult to distinguish Monckeberg's lesions from advanced atherosclerotic lesions. 24 CT scan for arterial calcium is a non-invasive tool for obtaining information about the presence, location and extent of calcified plaques in the arteries. 11 The findings on CT scans are expressed as a calcium score. These studies have shown that calcification varies according to each arterial bed. For example, calcium scoring was higher in iliac arteries than in carotid arteries. Differences in the content of calcium according to the arterial region is consistent with the histological grading that showed that femoral plaques are classified as fibrocalcific (VII and VIII types) whereas carotid plaques are classified as fibrous cap atheroma (IV and V types). In an autopsy study, Dalager et al. analyzed the coronary, carotid and superficial femoral arteries from 100 individuals. 15 They clearly showed the artery related differences in phenotypic expression of atherosclerotic plaques. In the bifurcated carotid region most of the plaques were lipid core plaques (types IV and V) and more than half of femoral plaques were classified as fibrous type VIII lesions. In another autopsic study, Sawabe et al revealed that the severity of atherosclerosis differed among arteries.
They observed that the aorta and arteries of the lower extremities were severely affected, while the abdominal arteries, such as the splenic and superior mesenteric arteries, were mildly affected. 25 Initiation and rate of lesion progression should be taken into account to interpret the histological grading related differences. Indeed our analysis is confined to a single point and assumes a similar rate of atheromatous 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 16 disease progression in each plaque location. Moreover, Stary showed that the natural trend of the plaque was toward a fibrocalcific phenotype. 26 According to
Dalager et al., carotid plaques seem to be observed sooner than femoral plaques with a prevalence of lipid core plaques. 15 Consequently, these findings suggest the hypothesis of different kinetics of progression of atheromatous plaques according to the arterial region, however to date no data are available on this matter.
Femoral plaques exhibit significantly more sheetlike calcification, nodular calcification and osteoid metaplasia than carotid plaques. The most striking difference between both types of plaques is related to the prevalence of osteoid metaplasia in femoral plaques. Up to date, different studies reported the presence of both cartilaginous and bone formation in atheromatous plaques but few studies reported prevalence of osteoid metaplasia in peripheral arteries. 13, 27, 28 In carotid arteries, the prevalence of ossification was evaluated approximatively between 9% to 13%. 13, 28 These data are consistent with our own results. The origin of this pathological change has been attributed to metaplastic osteogenesis along an endochondral pathway. 29 Although we have punctually found cartilage tissue in our specimens (data not shown), membranous ossification could not be excluded. In membranous ossification bone is built via the differentiation of mesenchymal cells in osteoblasts that product osteoid matrix that is further mineralized.
We observed a significant increase of the serum level of vitamin D in the patients from the carotid group although all levels were clearly under normal values in both groups. It is clear that vitamin D could influence PAD because of its effect on target cells and tissues. 30 However, there is controversy concerning the action of vitamin D on arterial calcification in humans. Even though vitamin D promotes calcifications in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   17   vitro   31 , in clinical studies authors reported either no effect or an inverse relationship between vitamin D levels and vascular calcification.
32-34
The present study is a cross-sectional study of carotid and femoral plaques obtained from different patients at a single point in time. Consequently, we cannot rule out a bias created by harvesting carotid and femoral plaques in different patients. Indeed, in order to obtain a better matching, carotid and femoral plaques should be harvested in the same patient. Obviously, few patients require both femoral and carotid endarterectomy at a single point in time. Although we can only postulate that the observed lesions represent the late plaque lesion, further studies of plaques are needed with a wide range of disease severity to further define plaque morphology, cellular and molecular factors involved in progression from the apparent early lesion to clinically significant artery stenosis. Furthermore, factors such as the delay between symptoms onset could influence plaque type. These factors differ between groups and could be a limit to this study. In carotid arteries, surgery is requested for different degree of stenosis according the symptomatology. 35 Moreover, in symptomatic carotids, it is recommended to undergo surgery in the 15 days following the onset of symptoms. 35 For femoral arteries, each patient underwent conservative therapy combined at least for 3 months before surgical procedure but the delay prior to surgery differs a lot between each patient according their clinical history.
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